Introduction {#s0005}
============

Breast cancer comprises different subtypes of tumors with different clinical behavior [@bb0005], [@bb0010]. According to the literature, also imaging features of several breast cancer subtypes are different [@bb0015], [@bb0020], [@bb0025], [@bb0030]. Furthermore, several studies investigated relationships between biomarkers and imaging features in breast cancer [@bb0015], [@bb0020], [@bb0025], [@bb0030], [@bb0035]. It has been shown that imaging patterns can predict histopathological and molecular features of breast carcinomas [@bb0015], [@bb0020], [@bb0025], [@bb0030], [@bb0035]. So, Bae et al. reported that human epidermal growth factor receptor (HER2) status was associated with the probability of malignancy of mammographic calcifications in ductal carcinoma in situ (DCIS) [@bb0015]. Furthermore, Seo et al. mentioned that HER2 subtype was associated with a higher BI-RADS category [@bb0030]. Numerous studies compared magnetic resonance imaging (MRI) features between different breast cancers [@bb0020], [@bb0025], [@bb0035]. According to Youk et al. triple negative breast carcinomas were larger in size, better defined, and had more necrotic tissue than other cancers [@bb0020]. In addition, it has been reported that androgen receptor-positive triple negative tumors were more likely to be associated with non-mass types and a higher incidence of irregular and spiculated lesions on MRI than androgen-receptor negative lesions [@bb0025]. Some reports indicated also correlations between proliferation index Ki-67 and imaging features in breast cancer [@bb0035]. For example, Szabo et al. reported that rim enhancement on dynamic MRI was associated with high expression of Ki-67 and poor prognosis of breast cancer [@bb0035].

For a short time, cone-beam breast computed tomography (CBCT) is established for the breast investigation. According to the literature, CBCT had a higher sensitivity in cancer diagnostic in comparison to breast ultrasound and mammography [@bb0040], [@bb0045].

The purpose of the present study was to investigate possible associations between CBCT findings and histopathological features in breast cancer.

Material and Methods {#s0010}
====================

This retrospective study was reviewed and approved by the ethics committee of the University Medical Center Goettingen. Written informed consent was obtained from all study patients.

Patients {#s0015}
--------

Between August 2015 and November 2016, 59 female patients, mean age of 64.6 years (median age, 65.6 years; range, 41--80 years) with histological proven breast cancer were included into the study. In most of them an ultrasound-guided biopsy was done (53 cases). In three cases a CT-guided biopsy with the CBCT, in two cases a MRI-guided biopsy and in one case a stereotactic biopsy was done. Histological diagnoses and tumor stage of the patients are shown in [Table 1](#t0005){ref-type="table"}.Table 1Tumor Types and StagesTable 1Tumor typen%DCIS46.78IDC4067.80ILC1016.95MC35.08TC23.39  **Tumor stagen%T stage**pTis46.78pT1a35.08pT1b58.48pT1c2338.98pT21322.03pT323.39ypTx915.26  **N stagen**N03457.63N11016.95N223.39Nx1322.03[^1]

Quantitative Lesion Analysis {#s0020}
----------------------------

In all cases, non-contrast CBCT examination (Koning Breast CT, CBCT 1000, Koning Corporation, West Henrietta, NY, USA) was done in a standard manner [@bb0045], [@bb0050]. Tube voltage was 49 kV, and tube current ranged from 50 to 200 mA. Axial images were reconstructed by using a standard mode with a soft tissue filter and a voxel size of 0.273 mm^3^. A dedicated 3D visualization software and computer workstation (Visage CS Thin Client / Server, Visage Imaging, Richmond, Australia) was utilized to evaluate CBCT data sets. Two radiologists, with 7 and 30 years\' experience in breast imaging and both two years of experience in CBCT imaging, identified diagnoses of breast cancer on CBCT images by consensus. Descriptive statistics, including mean voxel density in Hounsfield units (HU), numbers of pixel and ± standard deviations (SD) were measured for each outlined lesion. The density of each lesion was measured using 3 rectangular regions of interest (ROI) in coronal view with a slice thickness of 2 mm and a mean value of the estimated CT density was calculated. The measurements were done in the edge region of the lesion ([Figure 1](#f0005){ref-type="fig"}).Figure 1Imaging findings in a 82-year old woman with mucinous carcinoma. (**a**) Non-contrast cone-beam breast CT in coronal view with 2.0 mm slice thickness documenting a lobulated mass of the left breast. (**b**) The quantitative lesion analysis shows a mean value of 36.8 HU from the three ROI\'s in the edge region of the lesion. Histopathological findings are as follows: ER positive, PR positive, HER2 negative and Ki-67 index = 12%.Figure 1

Overall, quantitative analysis was performed in 85 lesions. 255 ROI\'s were segmented manually with constant window and level settings. The ROI\'s measured a mean area of 38.9 ± 15.6 pixels (range 13.4--108.7 pixels).

Histopathological Analysis {#s0025}
--------------------------

All breast tumors were routinely fixed in 5% formalin, and processes into paraffin blocks for pathological examination. Immunohistochemical (IHC) staining of ER, PR, HER2 and Ki-67 was routinely carried out by using Dako Omnis system (Dako, Denmark). Tissue sections were cut at 4-μm thickness, including the largest cut surface of the tumor, and stained with primary antibodies against estrogen receptor (ER) (EP1, Ready-to-Use, Dako, Denmark), progesterone receptor (PR) (PgR 1294, Ready-to-Use, Dako, Denmark), human epidermal growth factor receptor 2 (HER2) (A0485, 1:400, Polyclonal Rabbit-Anti-Human c-erbB-2, Dako, Denmark), Ki-67 (MIB-1, Ready-to-Use, Dako, Denmark). IHC expression of HER2 was scored as follows: 0 (no staining or faint membrane staining), 1+ (faint membrane staining in \>10% of tumor cells, incomplete membrane staining), 2+ (weak to moderate membrane staining in \>10% of tumor cells), and 3+ (uniform, intense membrane staining of \>30% of invasive tumor cells). HER2-positive cases were those with IHC score 3+ or IHC 2+ and FISH-amplified [@bb0055].

All histologic and IHC tumor slides were evaluated by an experienced breast pathologists. Histological grades and all biological features were evaluated based on the invasive components. The cutoff for ER positivity and PR positivity was 1% positive tumor cells with nuclear staining [@bb0060]. The Ki-67 index was expressed as the percentage of positively nuclear staining cells among at least 1000 invasive cells in the area scored. Staining intensity was not relevant [@bb0065].

Statistical Analysis {#s0030}
--------------------

For statistical analysis the SPSS statistical software package was used (SPSS 17.0, SPSS Inc., Chicago IL, USA). Collected data were evaluated by means of descriptive statistics (absolute and relative frequencies). Categorical variables were expressed as percentages. Spearman\'s correlation coefficient was used to analyze the association between CT density and Ki-67 values. CT density in different subgroups was compared using Mann--Whitney-test. *P* values \<0.05 were taken to indicate statistical significance in all instances.

Results {#s0035}
=======

Overall, in the 59 patients, 85 lesions were identified and biopsied. The size of the lesion varied from 2.7 to 90.0, mean size, 15.88 ± 13.0 mm. The mean value of CT density of the analyzed lesions was 63.95 ± 38.18HU, range, 2.86--160.75 HU, median value, 57.85 HU. The density tended to be higher in tubular carcinoma (TC) in comparison to other tumor subtypes ([Table 2](#t0010){ref-type="table"}, [Figure 2](#f0010){ref-type="fig"}).Figure 2CT density in different tumor subtypes.There were no significant differences of CT density between the tumor subtypes. The density tended to be higher in tubular carcinoma and lowest in mucinous tumors in comparison to other tumor subtypes. Abbreviations: HU, Hounsfield unit; DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; Ca, Carcinoma.Figure 2Table 2Comparison of CT Density between Histological Tumor SubtypesTable 2DCISIDCILCMCTC**HU, mean ± SD74.28 ± 14.4066.79 ± 38.2862.28 ± 32.1633.82 ± 32.9995.38 ± 56.75**vs. IDCvs. ILCvs. TCvs. TCvs. DCIS*P* = .99*P* = .99*P* = .99*P* = .06*P* = .99vs. ILCvs. MCvs. ILC*P* = .99*P* = .11*P* = .66vs. TCvs. DCIS*P* = .99*P* = .48[^2]

Correlation analysis identified no significant correlations between CT density and Ki-67 level (r = −0.031, *P* = .784).

Furthermore, we analyzed CT density in dependence on different receptor status. There were no statistically significant differences of CT density between tumors with different receptor status ([Table 3](#t0015){ref-type="table"}).Table 3Comparison of CT Density between Tumors with Different Biomarker ExpressionTable 3ER negativeER positive*P* value**HU, mean ± SD**68.33 ± 39.3963.43 ± 38.270.72**PR negativePR positive***P* value**HU, mean ± SD**61.51 ± 38.4164.32 ± 38.400.82**HER2 negativeHER2 positive***P* value**HU, mean ± SD**61.46 ± 38.8979.30 ± 34.810.19

Discussion {#s0040}
==========

The present study documented associations between CT density and different histopathological parameters in breast cancer. To the best of our knowledge, this is the first work regarding breast CT findings and histopathology.

Previously, numerous studies analyzed relationships between histological and imaging parameters in breast cancer. Most of them focused on MRI [@bb0020], [@bb0025], [@bb0035], [@bb0070]. Girardi et al. found a significant correlation between stellate--dendritic shape of breast carcinoma and the presence of associated extensive intraductal component [@bb0070]. Furthermore, the authors identified associations between Ki-67 expression and signal intensity curve [@bb0070]. It has been shown that 81% tumors with washout curve had an overexpression of Ki-67 and tumors with plateau curve had an overexpression of Ki-67 in 21% only [@bb0070]. Also Lee et al. mentioned in their research that the wash out phenomenon of kinetic curve was strong associated with a high proliferation potential in breast cancer [@bb0075]. Additionally, a multivariate analysis showed that a spiculated margin was a significant, independent predictor of a lower histological grade (*P* \< .001), and lower expression of Ki-67 (*P* = .007) [@bb0075]. However, rim enhancement was significant, independent predictor of a higher histological grade (*P* \< .001), negative expression of estrogen receptor (ER) (*P* = .001), and negative expression of progesterone receptor (PR) (*P* \< .001) [@bb0075].

Diffusion weighted imaging (DWI) is another MRI tool to analyze tumor composition [@bb0080]. Previous reports documented different relationships between DWI and histopathology in breast cancer [@bb0080], [@bb0085], [@bb0090]. For example, Matsubayashi et al. showed that apparent diffusion coefficient (ADC) correlated significantly with cellular density and features of tumor stromain breast cancer [@bb0085]. Furthermore, Choi et al. suggested that ADC can discriminate invasive ductal carcinoma (IDC) and ductal carcinoma in situ (DCIS) [@bb0090]. It has been shown that IDC had statistically significant lower ADC values than DCIS [@bb0090]. Moreover, ADC can also distinguish tumors with different receptor expression [@bb0090]. So, ADC values of ER-positive or PR-positive cancer were significantly lower than that of ER-negative or PR-negative cancer [@bb0090]. In addition, an ADC value of Ki-67 index-positive cancer was significantly lower than that of Ki-67 index-negative cancer [@bb0090].

CBCT is a novel approach of breast investigation [@bb0040], [@bb0050], [@bb0090], [@bb0095]. To date, there are only few reports regarding this modality [@bb0040], [@bb0050], [@bb0095]. As mentioned by O′Connel et al., breast CT displays 3D images of the internal structures of the breast, and, therefore, evaluation of suspicious features like microcalcifications, masses, and asymmetries can be made in multiple anatomical planes from a single scan [@bb0050], [@bb0100]. Furthermore, Zhao et al. showed that CBCT might be considerably more effective to identify breast masses, especially some small, uncertain or multifocal masses than conventional two-view mammography [@bb0095].

To date, there are no studies investigated associations between breast CT features, especially CT density and histopathological findings in breast cancer.

Presumably, CT density can reflect several histopathological features in breast cancer. For example, according to the literature, in lung cancer, tumor CT density on non-contrast images showed strong correlation with the pathologic heterogeneity. [@bb0105]. However, our results cannot confirm this hypothesis. As seen, neither Ki-67 nor ER, PR, and HER2 did not correlate with CT density of breast cancer. However, although statistically nonsignificant, CT density was different in several subtypes of breast cancer. Especially mucinous cancer had low CT density. This finding is plausible because the fact that mucinous tumors contain mucin and low proportion of cells. On the contrary, tubular carcinomas showed higher CT densities. We think that other histopathological parameters, such as cell count, tumor stroma and/or extracellular matrix may correlate with CT density. Clearly, further investigations are needed to consider this assumption. In addition, other analysis of CT density with more parameters than only mean value, for example histogram analysis, may be helpful.

In conclusion, our analysis showed no significant associations between CT density and receptor status in breast cancer. Tubular carcinoma tended to have higher CT density in comparison to other subtypes of breast carcinomas.
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[^1]: **Abbreviations:** n, number; DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; MC, mucinous carcinoma; TC, tubular carcinoma.

[^2]: **Abbreviations:** HU, Hounsfield unit; SD, standard deviation; DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; MC, mucinous carcinoma; TC, tubular carcinoma.
